Background We assessed whether the presence and severity of common cancer symptoms are associated with the health utility score (hus) generated from the EQ-5D (EuroQol Research Foundation, Rotterdam, Netherlands) in patients with cancer and evaluated whether it is possible pragmatically to integrate routine hus and symptom evaluation in our cancer population.
INTRODUCTION
Health utilities constitute a preference-based system for measuring patient-reported health-related quality of life (hrqol) that produces a single value, termed the "health utility score" (hus), ranging from 0.0 (death) to 1.0 (perfect health) 1, 2 . The hus can be generated directly, through complicated trade-off testing specific to a disease or condition 3 , or indirectly, through instruments such as the EQ-5D (EuroQol Research Foundation, Rotterdam, Netherlands) 4 . The EQ-5D measures health-state preferences based on 5 dimensions (mobility, self-care, usual activities, pain or discomfort, and anxiety or depression) that define multiple health states linked to a single preference value 4 ; it is used to assess health interventions in patients with specific health conditions 5, 6 . In cancer, hus data are collected mainly in clinical trials, with examples from breast 7 , gastrointestinal 8, 9 , prostate 10 , and lung cancers 12 , and melanoma 11 . There is a paucity of routinely collected hus data for patients with cancer in the real-world non-trial setting 13 , which our previous work sought to correct 14 .
The Edmonton Symptom Assessment System (esas) is a valid and reliable assessment tool to screen and monitor for the presence and severity of 8 common symptoms experienced by patients with cancer, in addition to a general assessment of well-being. It has been used since the mid-1990s in palliative care, oncology, nephrology, and other disciplines 15, 16 . In 2007, Cancer Care Ontario implemented a large-scale, system-wide approach to symptom screening and assessment across Ontario, based on the esas 17 . Outpatients with cancer have since routinely completed the esas at Ontario's 14 regional cancer centres, mostly electronically using touch-screen stations or tablets 18 . That comprehensive rollout of esas for use in routine screening of cancer symptoms serves a base population of 14.6 million individuals.
The EQ-5D has been mapped to t he Europea n Organisation for Research and Treatment of Cancer's hrqol tool, the 30-question Core Quality of Life Questionnaire in specific cancer sites [19] [20] [21] [22] and has been correlated with the Functional Assessment of Cancer Therapy-General (FACIT.org, Ponte Vedra, FL, U.S.A.), the Edmonton Functional Assessment Tool (Capital Health Authority, Edmonton, AB), and the Memorial Symptom Assessment Scale-Short Form (Memorial Sloan Kettering Cancer Center, New York, NY, U.S.A.) in the palliative setting 23, 24 . Additionally, the EQ-5D has been successfully mapped to several disease-specific hrqol tools [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] , and the EQ-5D hus has been correlated with other health-utility scoring systems, such as the SF-6D (University of Sheffield, Sheffield, U.K.) 35 . However, the EQ-5D has not been comprehensively mapped to esas symptoms and certainly not for the entire spectrum of cancers. Because symptoms form such an important component of hrqol, such a correlation would serve to demonstrate the clinical utility of the EQ-5D.
The present study was designed primarily to assess the correlation of esas symptoms self-reported by patients having cancer (any cancer site) with the EQ-5D-derived hus in a large single-institution dataset from the Princess Margaret Cancer Centre (Toronto, ON). A secondary objective was to determine the most pragmatic way to incorporate a hus assessment into routine practice, in a place that had already incorporated the esas into routine practice for symptom assessment and management. In an unpublished pilot survey of a convenience sample of 100 patients with cancer at our institution, we found that, although 83% were willing to routinely complete patient-reported outcome measures, only 42% were willing to answer routine questions that appeared to be repetitive or duplicative. When shown the EQ-5D anxiety, depression, and pain questions followed by the corresponding esas questions, 72% of patients agreed or strongly agreed (on a 5-point Likert scale) that those questions appeared duplicative. We thus had a secondary goal of identifying a pragmatic approach to combining the esas and the EQ-5D, knowing that Cancer Care Ontario's mandatory use of the esas was unlikely to change.
METHODS
This study was approved by the University Health Network's institutional review board.
Study Population and Study Design
Adult cancer patients more than 18 years of age having any solid tumour or hematologic malignancy at any disease stage, who attended Princess Margaret Cancer Centre outpatient oncology clinics and agreed to complete the electronic questionnaires, were surveyed cross-sectionally. The primary cohort was assessed from June to September 2015, with a replication cohort of patients being assessed from June to September 2016. Eligibility criteria included any histologically confirmed malignancy, ability to provide informed consent, lack of any significant cognitive deficit, and ability to answer questionnaires on a touch-screenbased system.
Procedures
Consented patients were asked to complete the esas tool to screen for the presence and severity of pain, tiredness, nausea, depression, anxiety, drowsiness, appetite, and shortness of breath, and overall well-being. A visual assessment scale recorded symptoms from 0 (no symptoms) to 10 (worst possible symptoms). At the same time, patients were asked to complete the EQ-5D, which assesses symptoms (pain or discomfort, anxiety or depression) and physical functions (mobility, self-care, daily activities) on a 3-level scale (1, no limitations or symptoms; 2, some limitations or symptoms; 3, severe limitations or symptoms). Using Canadian health state preference weights, the values obtained for the 5 questions of EQ-5D-3L were converted to form a single hus 36 . Patients also completed a sociodemographic questionnaire.
Statistical Analysis
All analyses were conducted using the SAS software application (version 9.3: SAS Institute, Cary, NC, U.S.A.) or the R software application (version 2.0: The R Foundation for Statistical Computing, Vienna, Austria). All p values less than 0.05 were considered significant.
Descriptive summary statistics are reported to describe sociodemographic variables for the original and replication cohorts. Analyses then fall into 5 parts, in which the first 4 involve only the original cohort, and the last analysis involves both the original and the replication cohorts.
The purpose of the first (primary) analysis was to determine whether, across multiple cancers, the EQ-5Dderived hus could be accounted for, in part, by the physical symptoms (or their lack) commonly experienced by cancer patients. Statistically, we correlated esas scores for individual items or for the global score (sum of all scores) with the EQ-5D-derived hus in the original cohort. Specifically, using Spearman rank-correlation coefficients, individual and summed esas symptom scores were correlated, one by one, with the hus data derived from the EQ-5D 37 . The EQ-5D and esas values chosen for correlation had to fall within a 14-day period of each other.
The purpose of secondary analyses 2 and 3 was to determine whether the esas is adequate, by itself, to replace the EQ-5D in generating the hus. Theoretically, being able to make use of esas symptom data to derive utilities would then allow for all existing esas data since 2007 in Ontario to be used to derive the real-life hus in multiple new health interventions implemented since 2010; it would also provide proof-of-principle that combining symptom assessments with the EQ-5D would not necessarily require assessments of the same symptoms twice, because pain, depression, and anxiety measured by the EQ-5D are common elements of most symptom assessment tools.
Statistically, for analysis 2, we developed a multivariable model of esas scores and clinico-demographic variables to predict the hus. Using a stepwise selection approach that introduced variables one-by-one if they met a generous p value threshold of less than 0.10, a final model incorporating clinico-demographic and esas symptoms was developed that included all variables at p < 0.05. Analysis 3 used the coefficient of determination (R 2 ) to quantitatively assess the predictive ability of the model derived in analysis 2 for the hus. Adjusted R 2 values accounted for the number of covariates being assessed, and residual plots were also performed. In brief, that method determines how close the data reside to the fitted regression line and compares the explained with the total variation by the factor or factors being evaluated.
Analyses 4 and 5 were to be performed if the predictive ability of the multivariable model of the esas on hus in analysis 3 was poor. To generate an alternative strategy (and based on pilot data showing a lack of patient acceptance of duplicate questioning), we had to avoid asking pain, anxiety, and depression questions twice should the esas and the EQ-5D be used together. In analysis 4, we mapped the individual 11-level esas questions in those 3 dimensions to the corresponding 3-level EQ-5D questions, with the goal of replacing the EQ-5D versions of those dimensions with the esas versions. We determined the best cut-points for shrinking the larger number of levels in the esas to the smaller number of levels in the EQ-5D. In the case of pain, the 11-level esas was mapped to the 3-level EQ-5D; subsequent analyses used mapped pain data to generate the hus, which was then correlated with hus data derived directly from the EQ-5D-3L. For depression and anxiety, either the greatest value of the two, or the sum of their esas scores, was mapped to the 3-level EQ-5D, as with the pain scores.
In analysis 5, using both the original cohort and the independent replication cohort, we determined whether the hus values generated from the mapping process for pain, anxiety, and depression correlated well with the standard hus generated based on the values from the original 5 dimensions. Table i summarizes the clinico-demographic characteristics of the 764 patients in the original cohort and the 580 in the replication cohort. The overall participation rates for the original and replication cohorts were 81% and 76% respectively. The research ethics board did not permit the collection of any demographic data for the patients who refused to participate. Characteristics of the two cohorts were similar, except that patients in the replication cohort were slightly older, and that cohort also contained slightly fewer white patients, and more patients with thoracic, head-andneck, and gynecologic malignancies. The original cohort included more patients with breast and gastrointestinal malignancies. Although the 0-10 distribution of esas symptoms was similar in both cohorts (p > 0.20, all comparisons), the mean hus was slightly lower in the replication cohort (median value: 0.78 vs. 0.83 in the original cohort; p = 0.03), possibly reflecting the differences in disease subsites. For analysis 1, the 8 esas symptoms (pain, tiredness, nausea, depression, anxiety, drowsiness, loss of appetite, shortness of breath) and the global assessment of wellbeing all individually correlated (Spearman correlation coefficients) with the EQ-5D-3L-derived hus in both cohorts (Table ii) , with modest-to-moderate, but highly significant values ranging from R 2 = -0.204 (for shortness of breath) to R 2 = -0.416 (for pain), p < 0.0001 for each comparison). Correlations were strongest for pain, tiredness, and depression. After variable selection and adjustment for clinical variables, symptom scores for pain and depression remained highly associated with the hus (-0.02, p < 0.001); to a lesser extent, tiredness was also so associated (-0.01, p = 0.03, Table ii) . Table iii shows the development of a multivariable model in analysis 2 (both univariable and multivariable data). After multivariable linear regression with stepwise selection, only sex and education were found to be statistically significant. Those variables were then used to adjust all subsequent multivariable analyses.
RESULTS
Table iv summarizes the analysis 3 results of the predictive ability (coefficient of determination) of the various multivariable models that included sex and education in addition to individual esas symptoms and their combinations. The predictive ability of all 8 esas symptoms plus well-being was 0.25, which could be almost entirely attributed to pain, anxiety, and depression, which together had a predictive ability of 0.24. The predictive ability of each of the individual symptoms was lower, ranging from 0.08 to 0.18. Residual plots and adjusted R 2 values confirm the lack of precision (that is, a large prediction interval) with which esas components or the overall esas can predict the hus.
For analysis 4, we mapped the pain variable of the esas with the pain question of the EQ-5D-3L, and the depression and anxiety variables of the esas with the depression or anxiety question of the EQ-5D-3L (Table v ). In the case of depression and anxiety, we were mapping two separate questions on the esas to a single question on the EQ-5D. We tried various options: looking at each individual esas question and its correlation with the depression or anxiety EQ-5D question; summing the esas scores for depression and anxiety; and using the higher score for either depression or anxiety as the score that would correlate with the three levels of EQ-5D. We found that the sum of the esas scores for depression and anxiety provided the best mapping to the corresponding single question on the EQ-5D-3L.
Having completed the mapping process, we correlated the "mapped hus" and "standard hus" results, which resulted in Spearman correlation coefficients of 0.95 for the pain variable and 0.90 for the anxiety or depression variable (analysis 5). In a combined comparison mapping both questions, the result was a Spearman correlation coefficient of 0.83 (Table vi) . We repeated the mapping of the pain and of the depression or anxiety variables in the replication cohort using a mapping procedure identical to that used for the original cohort. The Spearman coefficients in the replication cohort were at least as good as those in the original cohort, and the mapped hus, which involved the mapping of both symptom questions, resulted in a Spearman correlation coefficient of 0.91.
DISCUSSION
In this single-institution cross-sectional observational study of adult outpatients with cancer (any site), we compared the patient-reported esas data with scoring on the EQ-5D health utility tool. We first identified modest-to-moderate correlations of the individual symptom domains of the esas with the hus, suggesting that various physical symptoms contribute to the health state preference, but that no individual symptom drove the relationship exclusively, which accords with prior analyses exploring the discriminative ability of various utility assays 8, 35 . We found that pain and depression had the strongest correlations, consistent with the findings of a prior study demonstrating that severity of depression is a significant predictor for lower health utility in patients with cancer (standardized coefficient β = -0.25) 38 .
With those correlations documented, the next question was whether the esas could ultimately replace the EQ-5D in generating utilities. From the beginning, we felt that that approach was not a good one, because the two measures capture different psychometric concepts. However, when trying to establish the importance of co-administration of the EQ-5D and the esas in routine practice, we were consistently asked by clinicians why we could not simply use one to estimate the other. We realized that, even if the esas is replaced with any other symptom assessment tool, the issue of duplication of symptom assessment will come up again; further, routine, systematic symptom assessment is likely to become common practice, based on a recent publication 39 . Our assessments document that the physical and emotional symptoms evaluated by the esas provide an incomplete picture of the domains important for health state preference. The lack in the esas tool of an evaluation of physical functioning, which, in contrast, comprises 3 of the 5 EQ-5D questions, helps to explain why the predictive ability of the esas is so low.
An alternative plan was then necessary to obtain the hus from routine clinical management. Although we documented the feasibility and patient acceptance of adding the EQ-5D to our current routine esas administration 39 , we realized that two major barriers accompany routine EQ-5D administration in the clinical setting. First, 3 of the EQ-5D questions relate to physical functioning, which is not evaluated in the esas. Separate to the present study, we are developing the use of those 3 questions as screening tools for a broader checklist of physical functioning issues that patients with cancer face, thereby generating a potential clinical management reason to ask them. Second, the two remaining questions, about pain or discomfort and depression or anxiety are duplicated in the esas (and other hrqol tools). Clinicians suggested that, despite years of painstaking psychometric evaluation of individual tools, we should simply substitute questions from one tool for questions from the other. The last section of the present manuscript tackles the latter issue.
Our original hypothesis was that we would not be able to substitute individual questions from one tool to the next, and we simply wanted to have relevant empiric evidence. To complicate matters, anxiety and depression are separate questions on the esas, but a single question on the EQ-5D. We were surprised that the mapping process for pain and depression or anxiety generated a hus that had a Spearman correlation of 0.83 in the original cohort and an even better 0.91 in the replication cohort. Thus, given the current results, we can no longer dismiss the possibility of substituting individual questions from one tool for similar questions on the next. We strongly caution against extrapolating the substitution of individual items into routine practice based on a single study; much work is required to determine whether the high correlations observed here hold true in other cancer populations and in different geographic and sociocultural regions.
Our study has limitations. First, this is a singleinstitution analysis of a very specific comparison between the esas and the EQ-5D. Larger, multi-institutional confirmatory studies are needed. Further, even if the original and replication cohorts were to be combined, the sample is not large enough to allow for sub-segmentation analyses, and those additional analyses are necessary to explore the conditions under which item substitution can take place. Second, we used the EQ-5D-3L because it had Canadianbased reference weights available at the time of study initiation. However, Canadian weights for the EQ-5D-5L are now available. The EQ-5D-5L is a more sensitive and responsive tool that does not demonstrate the ceiling effects demonstrated in thethe EQ-5D-3L; future studies should focus on using the EQ-5D-5L to confirm our findings. Third, because the esas is already implemented in the clinic, we had to match the timing of the EQ-5D data collection. We were variably successful, because some patients requested that the "research" component be administered during a separate visit; however, to reduce patient burden, esas data are supposed to be routinely collected not more often than once every month. We decided on a 14-day window between the esas and EQ-5D assessments; however, hrqol and health states can change relatively quickly in patients with cancer. Our post hoc analysis found that 86% of our study's esas and EQ-5D data points were collected within 3 days, and 77% were captured on the same day. Sensitivity analyses using those subsets of patients identified almost identical relationships in terms of the magnitude and direction of associations. A future replication study should find ways logistically to capture the data on the same day, where the chance of being in the same health state is exceedingly high. Fourth, all studies of this kind experience refusal by a segment of the population to participate, with no way of determining the extent of the participation bias; fortunately, our participation rates were relatively high. We also note that, because of provincial publicity concerning incidents of privacy breach at the time of the replication cohort, more patients in the replication cohort than in the original cohort refused to answer clinico-demographic questions, resulting in less-complete data. Fortunately, those refusals had little impact, because most of the analyses were performed using the original cohort, including the multivariable regression analyses that required complete covariate data. Lastly, although high correlations in the 0.83-0.91 range are promising, the optimal way of collecting utility data is still to use the original, unaltered EQ-5D instrument. In certain circumstances, the potential substitution of some of the variables, wordings, and categorizations with those from another validated instrument should be considered hypothesis-generating and will require multiple validations in various settings before such substitutions could be used in the clinical setting.
In summary, EQ-5D-derived health utility reflects physical and emotional symptoms that are collected through the esas, demonstrating that the EQ-5D is an appropriate tool to assess health preferences in the oncologic setting for multiple cancer sites, disease stages, and treatment intents. The relationships are, at best, representative of moderate correlation, meaning that the esas can never replace a specific tool, such as EQ-5D, that generates a hus.
In contrast, by mapping almost identical questions from the esas and the EQ-5D and demonstrating high correlations for those two methods of surveying patients, we have now demonstrated an expected strategy to incorporate hus assessments into routine clinical practice and to base our health utility analyses on real-life data, rather than on clinical trial data alone. Although much research remains to be performed, incorporation into clinical practice could revolutionize the way that economic analyses are performed, because routine collection of patient-reported data could then be used to generate health utilities. 
